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Abstract 



A method for fabricating a semiconductor laser device includes successively epitaxialfy growing a quantum-well structure active layer 
and a second conductivity type AlrGa1-rAs first upper cladding layer on a first conductivity type GaAs substrate, forming an Si02 film 
on a region in a vicinity of the laser resonator facet on the second conductivity type first cladding layer, annealing, thereby absorbing 
Ga from the second conductivity type first upper cladding layer to form and diffuse vacancies to reach the quantum-well structure 
active layer, thereby disordering the quantum-well structure active layer in a region in the vicinity of the laser resonator facet 
Therefore, it is possible to form a window structure by disordering the quantum-well structure active layer without generating crystal 
transitions. In addition, there is no necessity of implanting Si tons so as to diffuse those ions to form a window structure, and there 
arises no unlikelihood of disordering that because the Si ions are trapped during their diffusion by crystal defects formed by the ion 
implantation, whereby a semiconductor laser device provided with a desired window structure can be produced with high 
reproducibility. 
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lf»#*i] Il*tiGaAsSfi©-±l±l:, 
SltflA lx Gal-x As (0<x <l)T*7s/ K 
ff, Alz Gal-z As(0<z <x)^!)7lt Aly G 
al-y As(0<y <z) ^/Ugi^bftSS^Fflfii 
fSte®, Syi2iliAlr Gal-r As(z<r <1) 

-UK* 2 li^7y KB±© 
i*5«l*ifi*±»CS i 02 «fr»jfcU as i02 

fM^r=-;H.t, -hlBS 2 3f®S^ 1 ±.2 7 v K 
$ -tirT, i^-if *SS*SiS & ft 3 mmR&v -hlES^# 

F*itett« Sr r ^ * ^i- a xa t , 

±|ES i02 BtSrl»*Ufctt, -hI2^2 5Sa®mi±^ 
7 y KJf I2I1IA 1 r G a 1-r A s (z<r < 
l)*2±^5yK», SVl2*IlGaA S 3>?^ 
h Ji f ? * -> ^ A'Bj** £ * 5 IS t 

[ft*JS2] Il*iiGa A s £«<a-£Si±K, 
M 1 mMMA 1 x Gal-x A s (0<x <1) T# 7 y K 
S, AhGal-z As (0<z <x)a< TMbA 1 y G 
al-y As(0<y <z) ^^i/Wg t J^ibftSB^FflliS 
SttJi, WB2itlAlr Gal-r As (z<r <1) 

±l2Jg 2 jjMEMIB 1 ±* 7 v K«±fc, u-if 
#1*1 t ft 5 *[p] tfrtfS u-f *SS«S t ft £B*i& 
^icjgLft^A^rodfJ&ISW* h7-< T^MngBSr^-t- 
5S i 02 B*»J«U RS i 02 I, .Rtf-hie^t"* 
* •> -V /^ft iC £ 0 »J« $ *t fc # £ T = -A- L 

■C, ±.m%2mmMmi±?7v KB*»&Ga4r!Rvvk 

«KB& ft5^«iSfiFro±SE*^#F«itfS : ttJiSr7 f w * 

^-yi-sxat. 

±IES i02 KSr^*Lfc^, ±IEm2*«S»l±^ 
7 v KJf-kK, g2«tlA l r Gal-r As (z<r < 
Df2i^7^KI, St;i2|tiGaAs3y^ 

ig^V** hB±0>, ±IE* h^-Y^WgBPSB^gg 

ftk^***-e^n h^SraA-rsxat. 

±BU^ -hl5G a A s *«co»® 

1- 5 xa t *M x fc d <h Sr #® t 1" 5 v> — !f =gB 



(2) 

2 

im*m3] ts*92(ciE«w^*<*u-if^acDSi 

±ISS i 02 B*»«t5Il«)*. SSi02 s, R 
tf±fEfg 2 lH7y KBro±*©, ±12* h 

IC, S i3 N4 m*m$L-fZ>TMk. 

±iE«^#F«igstts Sr f a * *- y-r 5 isrot. 

±12S i3 N4 K*rfc*-*-3iai:«TJEfc£tfw£4r» 

±IES2^«MA l r G a 1-r A s (z<r <1)^1±^ 

KgSr^f^^->-r/i-fiEft^-li-5Xafc*^LT, 
^•»±I^G a A s%M%mm*^ ^^r^-V^fifeSSit 
5xaSr$fc»c-&tfwi4r#«i-t-5^»w-1f3gB 

[f**«5] UlitlGaAsSSi, 
^S«-h^i2S^ttfc^ 1 ilSA 1 x G a 1-x A s (0 
<x <1)T^7 5' K^i:, 
20 5 > h*S±^EB* iX, Alz Gal-z A s (0< 

z <x)^U TSi A 1 y G a 1-y As (0<y <z) ^3l;V 

^S^#F«itStta±l-iaB^itfc^2ig«SA 1 r 
Gal-r As (z<r <l)f 11^77 Kit, 
SI1±^7 y KS±KE«£iX7tJg 2«1SA 1 r G 
a 1-r As (z<r < 1) M 2 Jb? 7 y KS h , 
K|2i?7y KS±l-iafi$tl.7t»2g|*MG a As 

±ia*^#F«iS«ttJB«, -tIE u— tf &m&i%mi5:® 

J&IStf);* h7^ 7°*twettfig««^<o««*s» STLrolt 

»lc J; 9 ^$ixT*3 1) % 

±iE^2Ji^7 y KSw±gC, HStOJifE 

±EGaAsSfi<DlHH, &t/±fE=>-^^ bm(0± 

±12^ 2 3FttSJIS 1 ±* 7 y KS tSB 2 agmMfg 2 ±^ 
7y K*t«ora^G a A s^ffi^gSrWLT^S^i 
5r#Sc 1 1- 5 u-if SIB. 
[3§^<af£*fflftifc9n 
so [000 1] 
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[0 0 0 2] 

^-rm-efot), 05(a) tt*MM*i'— ?f£«<Dft«BL 
@5(b) 1405(a) <ovb-vbmz*3Vzmwm, bp 

fc^gfle^— !F£K*>£fiiMt2rft£>VriiBI, 0 5(c) 
1405(a) «>Vc-Vcg.|::*5i*$*rffiBI, Ept>^#«: 

-CfcSo 0K*5VT. UJnlGaAsSfi, 2<4J?£ 

5~2 pmtfcS niA I x G a 1-x A s (x=0. 
5) ~F7 7 y Kg, 3 It A 1 y G a 1-y As (1-y) (y=0. 0 
5 ~0. 15) !?3i/PJi (H^-fr-T) bT/l'Xt&l&ttz & 
0. 2~0. 35ffc5Alz GaH As/<U7i 

■C, **fc»S«3 5nmiO±e/<!JT«fcra£»J*0> 
3t3tf^ Kg (H**i") t-OlBfcffSI&l On 

m£>!7^l'g£flC£il$l Onmro/^TliS^Sl;^ 

xmriL&tixr,**, 4aiiJf:$^0. 0 5~0. 5 Mm 
-Cfo5 pSAlr Gal-r As (r=0. 5) ffr 1 ±7 7 y K 

g, 4bliplAlrGal-r As(r=0.5) I2±?7 
7 KgT, S&1 ±777 Kl4a ^2^75- Kg4 
b ifc-a-fc-ltfcff^lim. 5~2. OMmffcS. 5 
f2i?:£?5SO. 5~1. 0^mOpSGaAs3^^(. 
8, SJiT'a h>-&ASB*£, 9fin<H!l*&, lOllpfH 
gflL 1 5\tyV a V (S i ) -TtyttAt7=-ywf: 
«rfljH-C#J*£JifcS i i£ft®J0E, 2 0iiu— 

iSB, 3 a I4ffittg 3 O f~ «f»*»C»#i-5gttgI 
3b HffittJS 3 <D !f *«*«BffiiS«tcJBJ*S*v 

^<£>At £14. *M^5*[6]0*$/»S3 0 0~6 0 0 n 
[0 0 0 3] ifc, H 6 I4f£*«¥gf*u— 

<agSl<07;i- M'v'T. h, 1 4(4^2 CD7;*- h U-v 5 * 

h, 2 3f47°n h>£A£*L-C^<5,, 

[0 0 0 4] fclC »JS*jfe4rH6frfflV^-ClftWi-6. 
^x/st«nlGaAsSfil±l^ ^77^2, 
ft*#F«i£g 3 , 111^77^14 3 f 7 

6(a) -<D=i^7? hJf Soffit' 7* h 

u-v 5 * h£&*U wixSr/^--^^LT, 0 6(b) 
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F i i fc#»f*u— • r^Bo*SSJ»ffit)i5fi: 
Si^raS5(±2 OjimS&t&SipKU w<597h7 

ffi/ji*lR)<OSSJ41. 5~5(imtt5, 
[0 0 0 5] «Vvt\ h Ml £-77 7 £ 

LtSl±^77 Kg 4 a£OJiffi7i^fiHtg4lc^-r5 
3MWi-CS i tf>--f ^^A^rfrofc^ 7* h U-^7 |- 
1 1 «:»*-*- 6. COit, S i -Y^&ASrff^ 4 
0 , WfclCitt-S S i K-XSI4 1X10 13— 1X10 
io 14 c m- 2 S*ir-f-S. JjfJS, 7* f- 1^:77 Ml cDTSC 
0««|CI47* H'-^ h 1 l^^tltftfflU 

roB^o-r^vaASrSfrtf sro-c, si-<tvaA 
««tt»j**;h,fcv\, y* V us?* M l *m 

&ttg3 07V**-7**mji?7tJ6tC?&4& 
3g (T=-^) ;Mffr5o w*xl4>T7h^ttALfcfc*^r- 
l4f£^S3<07 f ^^^--yi4SwP>-r. 4A/6*»0«t» 
t) S i ^Sri^fBtfT'&^c^-erTUJfcTx-f 7* 

Si LTttp^-^SrA s ffiSr^+fc^HSCPC 7 0 0"C 

jh=, 0 6(c) »c^-ri5ic, s i VL.rn.mmi sAmrftz 

ti. 5rt©l^#F«itflHSg3M:7*-f 

-c«#6i-5««ig®«3 b ffiffl|3ro7-f^* 

[0 0 0 6] 2fctd, 0 6 (d) (c*-T4 5 $R 1 Ji^ 7 
yKi4»±fc*2±^7yKi4b, = V * ^ h g 5 

oT^-sV^Lt, 0 6(e) l-^-TJ; ?<r, ±157. 
h 7^7°^^ 1(7)7^- h U-^7 Ml iWf&ZhX^^ 

7t««±^. KSl©7t hu-^ M 1 tissual:*: 
# $ © lr#tf* ^ h 7 7°^om 2 

07tFV-^H4«U gtW-^ M 4&-V7. 
i?iLT3y^7 h«5W±ffi^^|R2Ji7 7 7 Kg 4 
b*lcfc--7#<4B-t-£J:?l::7'D hvftA^ff p„ r 

nt-if?. 3V^^H5, *54U=^2±777 Kg 4 
b(Z7°n K>ffiA^ixfcM«8^^$tL. Z<omm& 
"o «Sft7*o;/^gi:L-C«t6i-5„ 
[0 0 0 71 l/^M4Srl**Lfci, 

hg5±tCp(Bimffil 0Sr^L v SSl(BllCnfi!l 
9 Sr^fi£ U ^# H!K 4 9 I — If 204: 

[0 00 8] ftlc, «E*<7?^fru— «f^<o®j^|co 
V^Tlft^-f5o pfflUmffil OfflfllrjE. nffl!)mffi9(||){cA 
£fc54 p«c«ESrBJJni-5 i:, *-;Hipl3 7 

Kg5, p®m2±777 Kg 4 b, pSmi±777 
so Kg 4 a £&TfiT-#Ffltigf£ttg 3 £fc«^(4 n 
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1 . nlAlGaAs?7yKl2 

ft^#F«3ts^s 3 K-t*vp*i&\$*i„ m&m 3 <d 

#Fffiit»ttJf 3 e>i£ttfHtt3 a rt-C«*»m3te*i4-f 

v\, i-fcfr^n h^&A^ftT^ftV^glC^Sjjfc 

[0 0 0 9] »:(CS«3tlwOV>Tlftiqi-5. — ttfcai' 
hf^f*:? (CD) ^WTfcx-i-^^^fiW^afi L 
TfflV^bftSO. 8 |i m^fcr>&ft<DU—f ! 3t5r«-r5A 

i g a a s x<D!tmtoi'---fm*<D**:itmjjttmmftL 

w&fg&|lfc£ft<ft.5t©T-;fc5. J:oTii5*ffi^l!) 

*jc*»-e*>s. roWBlttw- if**fii-sfiSttJi 
roiStttWEJ: o fe^v K¥-r •y7=-**#-#m< ft* 
<t 5 !F*lR»»iBifi«fcRJt -5 i fc lc J: «9 

rwip/«c^#jgdSS i ^t^A2 2 irf&fe 
IIS t let 5*^-#F«ii 3 ySr^lJffl L 

tH-pfcD. 117(a) l±x-f ^-*-5flr©*^-#F 

121 7 (b) tt^-r ^ Lfc*ro*^#F«iftett« 3 

OTtV 5 m^it<07°n 7r-< ^^fl^il^ LTV ^-5. 

[0 0 1 0J 0 7|C*}l>T, SI i:l^-W-^«|^-*7c: 
liffla-rSSB^^^LTtSO, 3 0, 3 1. 
^ix^Jxg-tf:Jl3<D'7^/Uj§ ( /<yrg, RTf%#-4 K 
Jffc^LTV^,, H£*SV>T8E8U±A 1 &j£tt£ 

jpL, SttttiT* 7 y KS 2 , SteJi 3 , &tf_h* 7 5/ 

K©4<D^J*ft*|pl»^$fe«^^L, A 12 fi^a: 
/US 3 OcDTVP All Ii/<!I7I3 1, Rtf 

KJ13 2<DT/mm.f$.tt, A 1 3 \S.=r4*jr—¥ 

(a) 5*i^#F«itSttS3tc->y = > (s 

i) *-f^->ffiAtfMaai:*ffli'T*t*dF-tt-*i» r 
it lei: t/iV^^/wJi3 0 t/<P7§3 2 tSr 

Writl-SJK^MB&O^v*. 0 7(b) ic^-Tipf^ - 



5 

•< * si— ^ $ *^#F«jtSftS 3ff)7;P5 i&j&Jt 
tt, ^!J7i3 1, RVlttf<< KS3 2WT/P5afigJt 
All tlitf^H^TA^i&filcltA 1 3 <!:ft9. f£&M 

1, 5t^^ KS3 2 t»5(J^LV^'fe(w/iS. ioTia5 

K^-f y?*-***-** Stt^«3 a iftST^X* 

,0 *A"¥-J: 9 *£< teZtzib. iWF»Mtti3« 
7^*;*- y$nfctS«E^u— tf7ttc*fLT "SW" ft 

nzmmt Lxmm-t-z *. 5 \ztt *> *^#F»igsttg 

3 © W-if 2 0 «Oifi^(D®«^^*it«« 3 

(0 0 1 1 ] 

Slffiffi 2 0 ifi«0>**-#F«i6iSteJl 3 S i CDW * 

20 LT^«jtffi«3 bSr^LTV^cdS, 

vaA-r^XSi-tJV^T, -f ^-vftA$n7-c^*{*:Slc 
#*Wigf B ^Sa^%^L, r*Ucfc!?!gl_t*7S' Kg 

tt, «Elc<ti5*D]g$ttfcJ1^3is^S t P»caA$ix.5 

mi-14lh*S* s . i*©S i ^Aoig^coilsv^/V'^- 

tt««3a «k9t>A#< LT^*it««c3 b^MLt 

L ft < * 5 1 V Pp^S a* $> o „ 
[0012] Jfc, Z<OX 9lcMf B fe^*^$-fr5< 
^v^c^b^Rb^^vn,!:, T=-yHc J; 5 S 
i g ^^bb^RSIC h7y 7"$ tti£» Ltd < < ft 0 % -r 

af# fi!B^S^14 «t < r i: ftv *b v> 5 

[0013] r «o^^»±±i2oi 5 ftPp^a^^^Bi-5 

fc*(-ft^H^:t.coT-*)t) , m&m&&±cz-&z>z\k 

[0 0 14] w©^W«i:IE<D<t 5ftPp^^S:» 

m-r^fcfctcft^ixfcto-efct), m&m&ztkzzit 
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[0 0 15] 

— «f *«©«jfi*ffil4, SB 1 *1MG a A s £igtf>-£ 
B_kfc, $l|ilAU Gal-x As(0<x <1)T? 
9y KB, Alz Gal-z As (0<z <i)/<P7liA 
If Gal-yAs (0<y <z) piAJI £ *»b<C5*-?# 
FW&SttJI, RXim 2 ^tSA 1 r G a 1-r A s (z< 
r <l)«l±^9y KSSrm&^f 
*. ±Cfl 2 1^77 KJf ±W 

JJ8ffii:*5lH«iS«±»CS i 02 HSrffMU i O 
2 1, Xtf-hfE^f ?*->T/l>rfiB:iZ£?)&fii.£tl1z£ 

FSSijtfirttS £rx -f y L , _kfES i02 

±SESg2i»*S*l±*7s, KJiJifc, SB 2 31 
tlA 1 r G a 1-r As (z<r <1)&2±* 7 5/ Kg, 
Kl/l2«fflGaAs ^v-*? hJf trUS^e**^ 
-r A'SJ&ft <fc 5 f£ Ltt©tfc5. 

[0016] ifc, croaswteflisiMMitU'— if^a© 

Kifi#8si4, SlWllGaAslffiiO-iail:, is 
lttlA 1 x Gal-x As (0<x <1)T*7 y Kg. 
A 1 z G a 1-z A s (0<z <x)-'< 1> 7Si A 1 y G a 1- 
y As(0<y <z) <7^WJ1 t frb *5«-T-#F«3SSHt 
Jf. MS2itlAlr Gal-r As (z<r <l)Sl 

tin K«±t. \s—f&mm&*fok* 

#^g£tf)0T5S*I<O* h?-<?*ttH!nBKr*-rsS i o 
2 gUr#j*U i 02 R, Stf-klE^ fc°* drv'-y/P 

»2«tISl±^7y KBA^Ga £!8H>_tlf-C*r 
fc£*L*r£j*-*-S£ irtic. I*£:fL£±fES^#F*i£ 

5®#&®<0±ia&^#F«i£Sttg£f^ ^ 

u ±iss 102 ig^^Lfe^, ±mm2mm.mmi 

±.f 7 v KJB±K» m 2 igmSlA lr Gal-r A s (z< 
r <l)«2l^75'Ki, MI 2itSGaAsny 
hmZM&=z¥ ^fr'Hf****. «^T, i* 

±ieg a a s mm<ommn. R^tz^^?? bm 

[00 17] ±E*MM*u— tf^B<oiS!it^te»c 



fcl^T, ±IES i 02 R£r^fifcL7t&, i 02 SI, 

Av±nm 2 ^as^ i ±* 7 y Ym<r>±M<r>^ ±ia^ 

In, S i3 N4 KSr^-TSXSt, ±3E*^#F«iS 
ffittSSrx-f ^Lfc«, JilES i3 N4 BI£|&£ 

[0 0 18] ±!E*3|#l — -!f^g<7)ia^&tc 
fel^T, ±f£* 2 jgflSA 1 r Gal-r A s (z<r <1) 

io L-C-?r<DJi^Ga As*E^g«r^t^^f->^/Pfigfi 
$ * 5 4 5 b fc t WT-fc 5„ 
[0 0 19] ro^lc^^^ft:u-if^e 
J4, ^lillGaAsSfii, «E««±HE«$ilfc 
^li*«SAlx Gal-x As(0<x <D7?7yKl 
fc« I*T^ 7 y KB-hlcES^iX. Alz Gal-z As 
(0<z <i)^!)7iiAl y G a 1-y As (0<y <z) £ 
ayHi4'&ft5. tow- !f£«SttEiSflF£> 

fcitiSttEi, ^*^#Ffif^S1±S±(cga«$4xfc^ 
20 2*llAlr Gal-r As (z<r <l)SlW7y K 
ii, 1**1 ±^9 y K»i^BE«$lxfc|g2*«MA 
lr Gal-r As (z<r <1)S2072' KSi, 6«3f 
2i^7y KS±Kffi«£*VfcSg2 3*«a!Ga As = V 

[oo2o] ±e#*#u— ^ssnKaav^-c. ± 

!2*^#F*itflftt»J4, JifSW— f*SS«EfifSr 
ICJ: Df-f^t- ^**X.T*5!5. ±IB«2±^77Ki 
±IEG a A s S«ro«ffiffiJ, SUUilSaV:?* H»± 

[0021] *fc, ±ie#*^u— !f$?a^ct5^^-c, 

V YmttomiZGa As*ffii*0|gSr*b-CV^5i5JC 
[0 0 2 2] 

40 [flUB] rco|g^{C*3V^-C<4, S^#F«iSei4S, S. 
^ 2 it«SA 1 r Gal-r As$li^7^1^ 

&^e**->^/H£;g:£-tt\ ±mm2mmmmi±i'7 

y Kliou- T*SSiSiii:/«C5ffl«fi«?±^S i O 
2 K^r^L, ^Si02 1, XULhiE^e^drv'-rvP 

I2iflllj:^7?' KiA>f>GaJrSv±lfTt:r 
»c^?LSr4fi£t-5 i i: t>K, KS?LSr±IE*^#Fffijfi 

5 ««i£^W ±ieS^?f F«itS<4« 5r x -< ^ y-T 
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fc#*©***:tt»wS i h5y^**tSi i 

ft 8 . BfaoKflBfttrWitfciNiff i^— WS«tlHltt 

[0 0 2 3] ifc, dcoSSffliCfcl^Tttu a^#F*it 
Sttff , SO 5 ^ 2 #1SA lrGal-rAsSli^7 

S©jJfJ£«0>* h?^^ttHP«ttt5S i 02 SIS: 
»J*U i 02 gt, &t5±IE^t ,, **v-^W&£l;z 
J:9*Jfc£*tfc#iMK*««:T=-*L-C. -tfES&2i£ 

izlstzfrb. S i ^tyaAtSM^jK^t). *S 
&e&£3g££-tt£ri:ft<, ft^#F«3tStt«S:7* 

S i fc^^&AL-C, wft*tt*S*T!Rfll3ifc»jjJ 
[0 0 2 4] ifc, rcD^I-S^TH:. ±IESi02 

)g«r^Lfc^. &s 102 r, R.v±n$52mmmm 

»rit**tTV^5«*«r*tf«*±JCS i'3 N4 Hfc^fifc 
±IBS i3 N4 *«r»*i-5iai:S:»c*tfJ; 

A»(btf>Asfttt£BS^-C\ IU?7yKS©«ijyi 

[0 0 2 5J ifc, r©»W.Cfc^-CW:, ±fE$&2>*« 
iA 1 r Gal-r AsHB7y KJI£^ f^v'-r 

[0 0 2 6] :«)Ilfli:tJi^ii 1 tcu- 

i £^*V&ALTJ:^#F«i£?gttJf &7W*^-y 
< ft 9 , ltA4E» £3S££-<i-5 C £ ft < 



(6) 

/<? 

y^SixSrifcioy-f < ft$i 

^?rt^ft<fto, sfao«*3S***.fc***u- 

[0 0 2 7] *fc. ^©*WIC*il^-CI±. ±IE*^#F 
±15 u— !f#«SSSffiiE€S«:BfcV*fcftJjE 

'o F*JtJStt»«rf f -f^^— yi-5i£&SiSft<ftt), SSiS 
tefrfcRSi r t ft < a^#F«itffittg Srx-f * 
*—?l.X?&mi&>S:B&-rZ> r. t 5, Si 

&3S;JSft<ft!K Bfao**J6*:«litfciN»ft:i^— 1f» 

[0 0 2 8] COflWJ&fc^THU S2fSlA 

lr Gal-r AsSU^7y Klil2*SSl2J: 

[0 0 2 9] 

-if^Bcomitsr^-r^mia (hi (a)>, ia i (a) <d i 
b- 1 b*§uc±s»fffiia (iai(b)), bp*,u— 

ft*|S]<7)»fffill. SO=H 1 (a) CO I c - I cJfe{c.ts»r 

coBrffim-efeSo 0IC*3V>T. HinlGaAsSS, 
2l±ff£riSl. 5~2 /i mffc5 niA 1 x G a 1-x A 
30 s (x=0. 5) 7 y KS, 3 14A 1 y G a 1-y A s (y= 
0.05 —0.15) ^/ug (la^-ar-f) kTfrZ mi&it z 
d50. 2~0. 3 5-Cfo^A 1 z G a 1-z A s /<!) 7i 
(0^-lir-f) *^«fiK$^T^5*^#F1fligStt@ 

%HJ YM (la^-tir-f) ^r(Sx. *rroraicsr£jj6i 0 n 

Tfltj£$*L-CV>5„ 4a(iJ?^d50. 0 5 — 0. S«m 
tr&6 p fA lr Gal-r As (r=0. 5) ^ 1 7 y K 
40 m. 4 b li p IA lrGal-r As (r=0. 5) 2 ±^ 7 
y KS-C, 11^7-7 KS4 a iS2±^77 Kg4 
b iSr^-ti-fcff^Jij^ 1 . 5~2. 0)imi4ot^ 
5liff$z)S0. 5~1. OnmOpiGaAsay 
*9Vm, 8l±7*ci h^ftAffi^ 9»4nffiSS;ffi, 10 
»±pfi!l«ffi, 6«S7L1£»«1«, 2 Oliu- 

3 b ItfZ&m 3 W u— f ^SSSffiE 2 0 Wia^fC^fig^ 
so ^ m, i|g^^j3 o 0 n mX'hZo 
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[0 0 3 0] ifc, m2\tt&m<r>&\ <nmnmiz.£z 

U 16liSi02 16al±SS i02 gl6Cli 
-ry^(OMP§C> 17li7tH'^h > 2 3147'nh 

[o o 3 i ] &lcSait;fri£icov'>-C!&S>!i-S„ *i\ * 

i^IOnSGaAsSfilllC, n|Ah Gal- 
x A s (x=0. 5) T* 7 V YM 2 . *^#F*i£SttS 
3 , p MA 1 r Gal-r As (r=0. 5) fll^y KJI 

(MOCVD) 5 VMl^Jft^f (MB E ) 

asSL-CVS. <7^w£rffi|2£[a 2 (a) tc^ 

-r. 

[00 3 2] Jfcfc, ±12 p MIS 1 -hi? 7 jx K« 4a»« 
I5rSi02Ri6t-av\ 7* hi;yy77^SEfi 
^s^v^&ffiK.fcoT, 0 2(b) tc^-r-tpdw— «f 

h^T'ttOMnfcl 6 a £&tt«t# 
ifrStS*£±tcJ£fiJH-£. cros i02 B£l 6 {i^J^iti 
7"7X?CVD (chemical vapor deposition) jifc-^ 1 ;*.'* 

s/* y >^i-J;orfiEK$ii5„ Si02li6©fj 
t Ltiii o ootv^ ho- i»as*sa^t?fc»), 

-<DfflO&l 6 a CD* h 7 ^ ^*II± 1 ~ 5 /i m^ilS 

-efctK rwlnfti 6 a t u--f *«S«ffit45tt 

W^m/^S 0 0'CW±K>ti.*t ! r=-/W-r5o 

MPSP1 6 a^^^A sg[»tSr|5Slh-r^fc 
£>K, AsJEESr7J»ltfc#ffl^T^*5V^-C?t^Po 
[0 0 3 3] r wt?, S i 02 Kf±, 77?^ K • V A 
'^^^■^-15 21, 1 9 8 8^, 1511~1 
53 11 (Applied Physics letters, vol. 52, 1988, ppl5 
11~1531) l^lE^ftTt^ £ 0 IC, T-— A-Btt'G a 
As $>3W*A 1 G a As^eG a Ji^-£8H>±lf 

1 02 ^1 6CDMPSB1 6 aJ^I-Wtli&lCBI&LfcpM 
fli^7y KJ§4 a*ffi*^Ga!S^S!SV^-h»f 6 
*V r<751g*, piSlH7yK|4agSt0 1 * 
5KG a m^fei^f «rfffiit, G a &b*27L#-<* 

^FflH&Ofw X*- y££X£tf5„ f6oX\ S i 

02 fflll 6 SiTOfS'tt^ 3 G a ^®VN_htf PjtlT 

/<yK^ty7-x^^-iS^#<i5 B -Wife*, r 
#W«*£dS, fiHtS3<D_b!ES i 02 HMa&l 6 aT 



12 

©f-f X*—y$;h/OvfcV 3 aT?Mt5l' 

-if*© "S" i:L-C*IBi-5««3fi«3 bi*5. 
Jo, Gaffi7L*JSft*A<ti:1fti-5raittO. 5 fl mWT 
■Cfo5<0-C, plll±^77 Ki4a(D)¥^|iO. 5 

[0 0 3 4] Wl^-<:. ±IET=-A^ S i02 11 6 

Fl4a±|:pSf2±^7y Ki4b > pfay?^ 

i5©gffiSrU^hKTlV\ 7*hyy^77-fg 
ffilCiot, 12(e) (C^-TJ; ^ tCS i 02 ffil 6 WW 
PgBl 6 a riSJ£fi££jxTW£ffi#KJ:i5MPg151 6 a t 

-C = V^^ H5©±^?>pll2±^7y K«4 b 
tte-^iifilL. ^ot©«S*5*i)4X10l9cm 
-3W««t^5.t plc^n hvttA2 3SrHiSi-5„ r 
Wife*, l/v?x h l 7 tDTSCSr^V^^Wnv^ h 
S 5 .K.lfSg 2B5y KJi 4 b <D ±.m^7* V >*5aA 
Sftfc^u hyttAf«8A5MJtl5. i©7ohy 
&A8USE 8 <4«ii£fetffi« i*5© -C«i(t^ oy^SH 
X®MttZ>. 

[0 0 3 5] til:7x/N©3y^^ hg5fia»c P {ffiim 
ilO, G a As*KHBlU:n{B!*ffi9£JgJ5fcU 

IS LT-*hD u-if ftg^JSffi 2 0 Sr^fiE LT 

[0036] mcW)mz^\,^x3Lmi-z. pwmm 1 o 

^-/HipS^^^^ M5. pW2±^5yK 
I4b, pSJgl -h??* Kg 4 a£&T&^rF«ig 
fiHtS 3^, SfcW^JinS^frSSl, nlAlG 
aAs^7fKi2 SrS-C4^#F«j£ffi^ 3 
^ixttA^n, ^S^S3Wffitt^lc:*J^^T«^«^:*- 
A-cQSi£3-as3g£ U S^#F«jtStt® 3 <Dffittffi«c 
3 a rtT-^£&ffi7fcriS£-r5. ^U+tD 7©ftAi 

li7o h^aAtc£»3ii5«fett^ifc«>, rOT'cihv 
&Agg*£8<D P S=iV** M5, pH2±^7?K 
®4 blc(iS^7)5jjin^v\ i-^tJ*>rn h^SA^tv 

[0037] ^nis^j i <o¥m#i'— r&mx-n. ■s.n 

f«3 a ©/<> K^f t y 7"i < %otfc !) , d 

©f ■< **-yzixtzmt&<D o v— if *^i§sss 2 

0iSfl|Wflt£l4, if5t^"»HZL/<C^^«it««c3 b 
fi§ttS3CD, ®ttffi«3 aCMLTU- 



ftKJ¥ 9-23037 



13 

[00 3 8J *H«Mlt*i^m pSAlr Gal- 
r A s (r=0. 5) IU^7yKg4a <£>Sffi»:: S i 02 

±*7>K»4aKS?Ltr»J*-*-6fci:t>K:, KffiTL*- 
T=-/HCJ: t»««S*T»^#F«ttJS*y| 3 *tV 

^S-fr-SfcifrKlS i tr-r^-^A^-tt'SXS^T 

[0 0 3 9] ifc. ^5l5<OftWK>i5l-, iftji^^df— 
fS i W*>£A-f SXS^ftWctfK ^fa^te^ 
4*«r*#lw/>*<i-5ii:*J-c*5i:4:tfc, S i £ 
ffi*3*5 K:2»?L«rifc1B:£-B:TffittJi 3 «rr-< ;* 
*-^$**rfciCJ:9, s i g^^toM^Mi: 

[0 0 4 o] «±«J: 5 P IA 
lrGal-r As (r=0. 5) % 1 ±* 7 S> KH 4 a O^H 
KS i 02 IS1 6£^f£LT> T=.— C b \£ i. 

[004 1] UttM 2 . ® 3 f±#3§9!rog| 2 coHJg^Jlc 

-t-^mH (13(a)), &Uqi3(a) cDIIIb-IIIb i^lr.}: 

-s»fffis d2 3(b))T*fct), h(c±j^-c, mzbm-n 

-^lip)— ifcttffi^-r 5§B#£^ LT*Jt>, 1 9I±S i 
3 N4 ffit?*)5 0 **Wli±K*16CdUwi3H-5S7LSr 
*£»$*5ISir*3lr^, RiPSE 1 6 a Sr^-TS S i O 
2 S16 LfcSL 3 3 (a) IC^H" <fc 3 S i 3 

N4 II 9 "CMP SB 1 6 a *r&triH««r«V\ )V 



/4 

[0 0 4 2] iilEHte^iJ 1 l£:fcV">TI4, Si02Sl6 
iCfStrt (btltzx Y^^^nmuUl 6 a Klfi P S A 1 
r G a 1-r A s (r=0. 5) KS 4 a #8tti L 

*5«mt-CV>5i:, A s JE&7!)>H-fcSgT-eT--/U£ 
nttitzb LTt>, Scffi^lbWA sgilt5r^{C«]^5 
Zi:^T-#-f % gBPg&l 6 artOpifli^7? KS 

w©i5ii*ffi3fch.*J*i-f Zb. r^SffimtiLfcp 

111^7 KS 4 a _hfcWB«jj«*frfT* 5 R£ 

5, ^rrt?, *3£J£0y 2 fc*3V^CMt. E3t^i-«t5 
Id, S i 3 N4 1 1 9 t?H PSC 1 6 a S:ttfS*SSrl 5 
wiriCfct), BflPSPl 6 artWpSAlr G a 1-r As 
(r=0.5) mi±?7-y K/14 a SrSffli**^,}; 5 K L 

ao 7ct»T-fo'9, 7=-^tl:g:5plA 

1 r G a 1-r As (r=0. 5) f l±?7y Kg 4 a «0*S 
5lfch/frRCrfc*»-C**. wWS i3N4Rl9 

f±T--/H£(CCF4 ^fcK7^xyf^7j< 

HSRo^ay hi^fy^icj: 9 s i02 11 6bbh 

[0043] r^j; oiz&nmmzizzthif. p iai 

r G a 1-r A s (r=0. 5) ^ 1±^ 9 y YM 4 a 
^ttfcS i 02 11 6<DfflR|fBl 6 a £-£tf^*£_h& S 
i3N4Rl9T'Sotg, T=-/W£rff&P <fc pfCU 
30 7^*>P>, S i 02 ^1 6roMPSCl 6 a KgffiLfcpS 
Air G a 1-r As (r=0. 5) |li^7y K« 4 a <DA 
sattfc±3*Bffiix4r#l,*.-C, »f^#tt-^IS«ttiC« 

[0044] *JS0iJ 3. 04 ittmWnm 3 Wjlife^JJC 

«t 5 u— if 3s«<oiaag*-&<o±iixs5:*-r v- 
?&mm&jjfabm\g.ti:m\z£z>mmm-?3b'9, 01^*5 
i/^-c, S2 bm-n&\±m--£tcfimm-rz>&ft&7f;i, 

T*3>?, 1 3liGaAstIftli-Cfc5 0 ^i(H3 

40 T, 0 2 (a) fC^-T 4 0 \Z p MA 1 r G a 1-r A s (r= 
0.5) % 1 ±? 7 3* KS4 a Sr^fifeLfc^, $P>lCpS! 
GaAs^Il 3^»MW(-^tr^^->^^J5gS^J; 
t)8«U ^piGa As^iil 30^gD(C^PS51 
6aifxfcS i 02 Ml 6£^fi£U T=-/WSr?fo 
T» Ga£K^±lfT£JL£J£j£-r5<!: t fctcggTLSrlt 

enitM 1 b mmzn*t>tiz>. 

[0 0 4 5] ±!E!i;66fisjlK*;v>Tli, x.*£9**s*a, 

MStfcplAlr Gal-r A s (r=0. 5) ^1±^7 
so -y K^4 a JildS i 02 mi 6£J£fi£U T^-zuSr^ 
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oT£?L££/*1-5 £ £ tlc£?L*:tt**tf-CffittJi 3 
£-r^*;i--yu Si02ll6Sr^4U 
I2±^7^ Ki4b, ? KS5£3it*=¥ 

>i5f li^77 Kg 4 ateA l £#<^A/T**3*K ^ 

co J: 9 &A l ^tfJII±SHt;£ft-W-v\, 

#K rogll^y K®4 a^S i 02 ttl 6 Srfl^jS 

)£asu-f ! 7t£<&iK1-5r£K<fc9, #>g#u— !f^g 

[0 0 4 6] Lt5>U **ife#J3WJ;9(C % $)P>74^i: 
fc, if ^v^/WJ&A^-tirfcJgli^y KS4 a _h 
Id, £fblCiiigEL-CG a Asflffilll 7&ffi2fi£U 

a A s mffi&mM 1 7_hfC Si02gl6 
U T^-/U£tToT£?L£:fo£-r5££klc£?l£t£ 
tt^-ar-CSttgSSr^^^.^— /L. ^Er<om, S i 02 
11 6£|ifc£U »21?7?K14, W^^? h 
g5^GaAs«i{%lIl 7 ±iC^\?-?*->4 r sl'ffl& 
B B BfiK*^it-5 Sfifeft If-ffi £ & <5 G a A s 

ScEifcaJIl 7«iA 1 £-££-mfc£*U£<^fc«>, & 

cO^^^r^ilB^^^-arSwi^-etSo ft*5, G a A 
s SlB&SJi 1 7 liffittg 3 <omfiK^«3gU t <fc 5*5. 

mi 7<oJ¥£lii— f-*#14^|g«Sr4-x.^VNi Sfcflt 

«tlflOOtV^ho-AWTcO)f$T'fc5r 
£2>s$?*LV\, 

[0 0 4 7] ro.fc?K:#3life0y3^J;*U;£, P IA1 

r G a 1-r As (r=0. 5) % 1 ±* 7 y Kg 4 a _htC. S£ 
mi±?y y Kg 4 a <7) fc' * =3rv^H$ A Kii^LT 
G a A s ^ffi«SI« 1 7 Sr^j£ Lfc&. S i02Rl6 

[0048] &*3. Jil2&lll6W;iio^T{i, SttS 3 
<Ofe&m%i, 3 a «fl-tf>S#UL<£> =■ ^ * * h € 5 , Rvm 
1±^75/Fi4a, S2l^7?h'i4b <£> -hSS^y 

g^#F«i£fiH4JI 3 £rV *lr- ? £-tt-5 ^ £ K <fc •? 

[0 0 4 9] £fc, ±IE«-*lfe^Jlc*JV^TJ±, 
«1 £ UnlcOG a A s g«£ffl^5 <fc 9 I- LTtTJ^ 



*^I±pIcOG a AsS«^ffl«/>fc#-&(C*5V^-Cbii 

[0 0 5 0] ±fE=S-H;6£0iJK::i3^-ci±, fiftt§3 

##*l;^#F«ii (MQW) -C$>5^^oV>TtaW 
Lfcriv #3Biaflfi&tt@asi£*^#F«ii (SQW) ^ 

tWffct). i<Di9^^IC*3^-Cfc±f5«-llli£^£ 

io [00 5 1] 

F1f itftttJl. StflS 2 *1IA lrGal-r Asll 
i^7y Kg£MS&^e **->T/i<&-B:£il:. ±12^2 
^mSKS 1 -t* 5 y Kg±0 u-if*SS4Sffi£ ^5tR 
«i£{$_tKS i 02 K^figL, RS i 02 I, RXf± 

--^Lt, ±IEf 2 f tSi 1 ±^ 7 7 Ki*>5) G a 
&(^±tfT*::K£:fL£:£fiS1-S££fcf^ ^7L«: 
±IES^#F«it^tt®lc*-rs*r-#2:«:$-arT, u- 

[0 0 5 2] £7h, rwlSWlwitttf, ft^#F*i£« 
ttS, S.t/^ 2 A 1 r G a 1-r A s fg 1 Jii? 7 y 

1 7 y K^Ji^. i^-1f*«Sgft*-(»l£^3^(6]Jc 
30 u— r*^S*igffi£/j:5)^iS^lc^L^v^$ 
W^SiHW^ H7'f7'*tHPa5S:^r-t-'5S i 02 
^U, i02 m, ST^JilE^K'^^^-V/W^ft^J: 

mm 1 ±* 7 y K@a»P>G a ^®V^»f -C^rr {c^?LSr 
^-TS £ £ tl-, S££?lSr±fES^#F«StateJilc 
a-f 5*-efc»$-fr-C, if*SSgigS£/£5««3fi 
^w±IE*^-#F*jteitSSrx-< <fc 5 l£ 

LfcA^, ife B |^Sr5S^$-fr5r£^< > *^#F« 

40 t5££t>lc > Blfa<o^*itSr«S^rt^aK*u— tf^« 

[00 5 3] rcoH^ir iixff, ±fes i 02 K 

z&f&i,tz'&. ssio2 1, xtZ-biEma^ms/mi 

^$nTV^SS«^tfli«±{-S i3 N4 KSr^-T 
5lSt, JiiaS:iF#F«jfiffittgSr7^7.^— ^Lfc 
±1ES i3 N4 flg£l£*-r5Ig££i5lw-&tf < fc 5 

KgcD^BTb^S^^FWitft^S^co^fB 
so ^<0?g^5r^:*ilcgigc$-ti:5C£3is-ef , g)^#tt^ 
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[0 0 5 4] rwnwicitxii, ±IE^2^«S 

Air G a 1-r As|ll^> KJSfc^f **v'-tVI' 
fiKS^itfc^, Jg^L-C^OilCGa As*ffi&SJf £ 

[0 0 5 5] rcD%^tC<tmi> -tOU—if*S 

5 - 1 fc< fl^FfllitSttJiSrx 4 * 

[0 0 5 6] CW^lcitvtf, ±f2a^#F« 

[0 0 5 7] cro^l^<tixtf. ±IEm2^SM 

A 1 r G a 1-r AsSlJ:^77 KJ1 £: 31 2 *mSSfl 2 
1^7-; KStWffilCGa As^S«aBSr*L-CV^ 



7* 

[Sfficoffi^/ilftW] 

[Hi] rroHWwmiw^liSWt-iS^fru— 
[@2] r<D3g^wSgl<0*16WcJ;5¥»#l'-->f 

[@3] z<D%wv>fS2<Dnmmizs:z>¥mfti'—f 
mmi<Dmm^m<D±^x.ui:^-rmx'hi,o 

[0 5] fi63fe(D^^W-if^ew«itSr^-t-|lT'fc 

[H6] ^jtsro^^u-^s^sa^fe^^-rx 

1 nMGaAsS«> 2 nSAlx GsH As (x 
=0.5) Tf^yVm. 3 *^F#F«iSSttS, 3 a 

3b mmmmnn. 4 a piAirGai- 

r A s (r=0. 5) ^11775- 4 b piAlrG 

a 1-r As (r=0. 5) % 2 ±? 5 y Kg, 5 pIGaA 
say^^H^ 6 £?Uitf&ffi«, 8 h^ftA 

9 nfia«is, io pmmm, n uroi^ 

5>*K 13 GaAstifii, 14 |2®^ 
* h . 1 5 Si timmtii* 16 Si02g, 16a 
Hf!nak 17 U"^*K 19 Si3 N4 I, 2 0 
I — 1f*«S§i8t§> 2 3 hVtA, 3 0 Al 

y G a 1-y As (y=0. 05) ^/PS* 3 1 A 1 z G a 1- 
z A s (z=0. 2~0. 35) /< D TJf . 3 2 A 1 z G a 1-z 
A s (z=0. 2~0. 35) %U4 KB. 



[14] 
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